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1. Overview 
1.1 Introduction. 

MRC/Nashua is developing a set of codes that generate two-dimensional radiance maps for any 
region of the galactic background for the Air Force Research Laboratory, Battlespace Environment 
Division at Hanscom Air Force Base, MA. Known as the Celestial Background Scene Descriptor 
(CBSD), these models are stand alone FORTRAN codes designed to provide images, line-of-sight 
spectra, or line-of-sight integrated radiances. Designed for evaluation of bandpass sensor systems, these 
models currently operate over the visible and infrared regions of the spectrum (defined here as the 0.2^m 
to 35(i.m region). Two models are presently implemented in CBSD Version 4: 

1. A galactic point source model (CBSKY4), and 

2. A model of the interplanetary dust cloud (CBZ0DY6). 

Additional models to be implemented include: 

1. The distribution of known asteroids. 

2. A statistical distribution of unobserved asteroids (expected numbers), 

3. Galactic extended sources (planetary nebula and reflection nebula), 

4. Extended extragalactic sources (galaxies and quasars), and 

5. A solar system module supporting the Sun, Moon, planets, and planetary 
satellites. 

The complete suite of models provides a realistic view of the celestial background. 

There is an additional module referred to as CBSD4 which is the control program allowing all 
models to be called from a single input file. This assures that the different scenes are spatially and 
temporally consistent. The module also sums the components into single self-consistent scene and 
optionally convolves the image with a gaussian point spread function. 

1.2 Galactic Point Sources. 
The emissions from stellar point sources represent the most important source of clutter in the 

celestial background. Most point source models use observational data, principally the IRAS (the 
Infrared Astronomical Satellite) catalog of point sources. Even though the IRAS catalog contains 
246,000 objects, it has limited spectral coverage (the entire sky was sampled at only 12 and 25\im within 
the 0.2 - 35jim region). IRAS had a large pixel size, limiting the flux of individual sources and 
undersampling the star count in the densest parts of the galactic plane. 

The CBSD galactic point source model, CBSKY4, generates two-dimensional radiance maps of 
stellar point source fluxes. To provide realistic stcir counts over the entire sky, the Air Force Research 
Laboratory, Space Vehicles Directorate has produced the SKY4 model. The SKY4 model provides a 
single line-of-sight statistical distribution of the number of point sources per unit angular area per 
magnitude interval for each of 87 spectral classes (Wainscoat et al. 1992, Cohen 1993, 1994a, 1994b). 
CBSKY4 uses the SKY4 model for populating local regions with stars. In the CBSD implementation, the 
brightest objects in the statistical model have been removed and replaced with the 2,503 objects observed 
by IRAS and 49 stars from MSX. In the visible, the Yale Bright Star Catalog is used with over 9,000 
objects. Also, the CBSD point source model includes an estimate of the interstellar extinction, an 
important consideration for short wavelength studies. 



1.3 Solar System Dust Cloud. 
The solar system dust cloud, also known as the zodiacal dust, is seen as thermal emission over all 

the sky and dominates the diffuse IR emission over most of the 4 - 35^m waveband. Below 4nm, 
scattered sunlight becomes an important contributor to the background. The Zodiacal dust is made up of 
two clearly observable structures, the broad emission and the band structure. The broad emission is that 
component seen over the entire sky, being strongest close to the plane of the ecliptic (Sykes 1988, 1990). 
It is theorized that a dust cloud, composed of debris from asteroid collisions and comets, encircles the Sun 
(Dermott et al., 1984). The Earth is located inside this cloud, which causes the emission to be visible over 
the entire sky. 

The band structure, discovered by IRAS in 1983, consists of several pairs of faint bands of 
emission close to the plane of the ecliptic associated with the remnants of the breakup of individual 
asteroid families (Sykes et al., 1989, Dermott et al. 1985, 1986). The CBSD Zodiacal light model, 
CBZODY, models both the broad and band contributions, including thermal emission and scattered light, 
and is capable of producing spectra, line-of-sight radiance, and images. The model CBZODY also 
generates single line-of-sight radiances for specified coordinates. 

1.4 Using this manual 

This manual is divided into five sections. Section 2 discusses the installation of the various 
CBSD components. Sections 3 and 4 provide the details of running the individual codes. Section 5 gives 
some troubleshooting tips. 

1.5 FITS 

The CBSD codes are standard ANSI FORTRAN and have no graphical interfaces or display 
capabilities. Image output is provided in the Flexible Image Transport System (FITS) format. This 
allows the maximum compatibility with various platforms. 

http://fits.gsfc.nasa.gov/ 

The FITS support office at NASA. 

httD://fits.gsfc.nasa.gov/fits intro.html 

A brief introduction to FITS. 

http://www.cv.nrao.edu/fits/FrrS.html 

This is an archive for the Flexible Image Transport System [FITS], the standard data interchange 
and archival format of the worldwide astronomy community. 

http://asia.vahoo.com/science/astronomv/fits   flexible image transport system / 

This site has links to other FITS standards sites. 

http://www.scispv.com/Standards/FITS.html 

Description of FITS. 

http://www.nso.noao.edu/diglib/formats.html 

The National Solar Observatory maintains FITS viewer libraries. For users with a Unix or VMS 
system on any platform including PCs, the XV package can simply display FITS format files. You can 
also use the IRAF package for reading, displaying, and analyzing FITS images. 



1.6  Input File Conventions 
All inputs for the codes are derived from sets of ASCII input files such as CBSKY4.INP or 

CBZ0DY6.INP. These input files are broken into logical sections of related items. The section heading 
identifies the section. Under the section heading is a list of required keywords and optional keywords. 

The input files for the CBSD codes follow the standard Microsoft Windows'^ ini format. That is, 
parameters are grouped by category. Each category is assigned a section name that is set off by brackets. 
Each line under that category consists of a line where 

Keyword = value 

1. Where keyword is a predefined parameter name and value is the user defined parameter value. For 
example: 

[path] 

; This is a comment line. 

Path = c:\cbsd 

2. Furthermore, comments are indicated by semicolons (;) and may appear anywhere in the input file. 
However, once a comment symbol appears on a line, no further parsing of that line is performed. 

The guidelines for identifying the headings, parameters and input values, followed in all the input 
files, are given below: 

Keyword 

[image] 

pixeljsize 

Yes 

"Path" 

Inteser 

Usage 

- Bold, bracketed entries indicate section headings. 

- Bold, italic entries are input parameters. 

- Italic entries are responses for each parameter. 

- Italic, quoted entries cU-e text entries and are usually 
user specified path or filenames. 

- Italic, underscored entries are numerical input in the 
indicated format. 



2  Installation 
2.1 Preparation 

The CBSD Version 4.0 distribution comes on a single ISO-9660 compatible CD-ROM containing 
28 Megabytes of data files, source code, and executables. There are four components on the CD-ROM: 

1. All source code and ASCII data files. (PC) 

2. The PC executables files 

3. The PC unformatted (binary) data files 

4. Unix compressed, tar file of all source code and ASCII data. 

2.2 Windows 98, Windows NT, Windows 2000 Installation 
For the PC version, a complete installation of source code, executable, ASCII data, and 

unformatted data, items 1, 2 and 3, only requires 30 Megabytes of disk space, however, additional disk 
space is needed to build the executables and to store the voluminous output these codes can produce. 

A minimum PC installation needs 9 Megabytes for the executables. The CBSD PC executables 
can run with the unformatted data files resident on the CD-ROM. Additional free space is required for 
output data and images. The source code distribution requires 12 Megabytes of free memory for 
execution. 

We recommend two parallel directory structures, one for the source code and ASCII version of 
data files, and one for the executables. This minimizes the number of files to track and allows the 
deletion of the entire source directory tree when the executables and data files are built. The 
recommended CBSD directory structure is: 

\cbsd4 
\cbsd4\CBSD 
\cbsd4\CBSD\cbsky4 
\cbsd4\CBSD\cbzodye 
\cbsd4\CBSD\Color_cor 
\cbsd4\CBSD\RSR 
\cbsd4\CBSD\SKY4Data 
\cbsd4\CBSD\volemis 
\cbsd4\CBSD\zodydata 
\cbsd4\CBSD_SRC 
\cbsd4\CBSD_SRC\cbsky4 
\cbsd4\CBSD_SRC\cbzody6 
\cbsd4\CBSD_SRC\fitsio 
\cbsd4\CBSD_SRC\sky4data 
\cbsd4\CBSD_SRC\VolEmiE 
\cbsd4\dataout 
\cbsd4\dataout\cbsky4 
\cbsd4\dataout\cbzody6 

2.3 Unix/Linux/Irix Installation 
The Unix tar file expands to 278 Megabytes. The unix does not include executables or 

unformatted data. All files must be built. We recommend two parallel directory structures, one for the 
source code and ASCH version of data files, and one for the executables. This minimizes the number of 
files to track and allows the deletion of the entire source directory tree when the executables and data files 
are built. If the tar extraction utility is used, this structure will be created automatically. A manual 
installation requires the user to create the directory structure (see the Windows section for details on the 
structure). 



2.4  Visual Fortran based install (Windows NT) 
To install the CBSD package, simply copy the files on the CD to your hard drive: 

1. Create a new folder at the top level of your hard drive. 

2. Rename the folder from New Folder to cbsd4. 

3. Copy from the CD cbsd4 folder to the hard drive cbsd4 folder the following folders and files: 
Cbsd 
Cbsd_src 
Attributes.bat 
Note: You do not need the unix_tar folder or the Docs folder to run the software. 

The Files on CDs are stored as read only. You need to remove the read-only attribute (under 
DOSAVindows) before making changes to files. The batch file "Attributes.bat" located in the \cbsd4\ 
directory will do this. 

4. Double click the Attributes.bat icon in the folder. 

«fG;\cbsd4 

£ite   td»  Vfew   Hefc 

{Jcbsd4 H M ^I'-'l ^Ntel '■-'1 xW\ m\m\m\ 
Hatne Sae I Type MtxBied AWfteutes I 

UQ>sd 
uJiCbsd_src 
(jDataOut 
3AttTiiules.bat 

.4obiee«.-) 

Rte Folder 

RteFoktet 

FileFoldei 

1KB   MS-DOS Batch File 

i363bj4«s 

6/6/001203 PM 
6/6/001204 PM 
6/6/0012.07 PM 
6/6AK)1205PM 

All source codes are under a single Compaq Visual Fortran workspace project named 
CBSD4.dsw. There are six projects in the workspace: Cbsky4, Cbzody6, Convert, Fitsio, Library, and 
Table. Library, Table, and Convert take the ASCII formatted datasets and convert them to unformatted, 
binary data for reduced time to load the files. The Fitsio project builds the NASA/GSFC release of the 
FITS (Flexible Image Transport System) routine library. The celestial model codes are in the Cbsky4 and 
Cbzody6 projects. A makefile, fitsio.mak, is also supplied, for users who do not have Visual Fortran. 

5.   Double-click on the CBSD4.dsw icon, or select Visual Fortran's Developer Studio from the Windows 
Start Menu and load the project workspace. 

fie G:\CBSD_SRC REilPi 
EJe   lat   )tm.'   Help 

x^ giisii {3|Cbsd_ac zi m fetel M^\m ^' 
Hmu                      j Size! Type iModlfKd ! «tiibui«i 

L3cbsky4i 

Qcbzocb* 
C3 fitsio 

:Ca^j>4data 
iQVolEms 
:^cbsd4.dsw 
■ i3<lcbsd4ficb 
^ i!]cbsd4.opl 

ReFoHer 
FieFnlHet 
FieFoHfif 
FiteFoHm 
FleFoldei 

2KB   PtojectWoikspace 
49KB   NCBFie 
74KB   OPT File 

6/6A)010:46 AM 
6/6/0010:46 AM 
6/6A)010:46 AM 
6/6/0) 10:46 AM 
6/6/0010:46 AM 
6/5/00 203 PM 
6/6/0010:47 AM 
6/5*ra 4:32 PM 

R 
R 
R 
R 
R 

RA 
A 

RA 

eobieeiW .124KB 

Before building the programs, clean up the debug and release directories. 



6. Select the Build|Batch Build... menu item and select all the projects. 

7. Click any of the checkboxes and all will be checked. 

8. Then click "Clean." 
Batch BuHd 

^oiect conliguiations BuHd      I 

teky4 ■ V./in32 Debug 
toodjiS - V/ir,32 Release 
,bzodv6-V/iri32 Debug 
lonvetl ■''A'in32 Reteas 
iCinveti-V/in^''^'-'- - 

able-Win32 Release 
^hl^ ■ Win3^ n phi in 

Bebuild.<MI 

Clean 

Cancel 

r Seteciion only 

Now you are ready to build the programs. First, build the FITS library (fitsio.lib) from the project 
workspace. Table, library, and convert do not require the fitsio library. However, CBSKY4 and 
CBZ0DY6 require the fitsio library. 

9.   Right-click the fitsio project in the project workspace FiieView pane, and select "Set as Active 
Project." 

cbta* ■ Miciotofl Vituol C 

:i BfU9 SB 

;;E*!   E*  View  Iniwl   Et.jpcl   eu4d   ToQii  V/«vfew  Help 

- Jj!l 
Woikipace 'cl»d4' B proiec((t) 

G:Scb»d4\CBSD_SRC\cbsk?4\input.h(93) ; Sarning: Because of COMBOH. the ali'anM' 
integer idndata 

G. sclMd4\CBSD_SRC\cbsky4sabsorb loi 
linking. 
IIHK : fatal error LHKllBl cannot open input file "fitsio lib" 
Error executing link exe 

j fitsio.lib - 1 «rror(s) 1130 »amiBg{a) _ 

j. I'JiJ\^Ji/ '".'>"» X.*l'':'..iif.L'r..vX-^'i;-''".'..'I*'?. X, I*?™*.k "V' a..h^,^,,.i/      f«j j >p' 
fle*Jii  ~    ■ ■"  , 

10. Select the Build|Batch Build... menu item. 

11. Check the fitsio-Win32 Release option in the Batcli Build Dialog Box. 

12. Click Build. 



Batch BuUd 

Project coi*guialions 

iJcbskjMt •Win32 Release 
licbskji* -Win32 Debug 
DcbzcitiG • Wri32 Rdease 
.jctoodyG •Win32 Debug 
"j convert • Win32 Release 
rjconvert - Win32 D^iug 
y:fitsio • Win32 Release 
Ijfilsio-Win32 Debug 
"jibiaiy -Win32 Release 
:'Illibiaiji ■ Win32 Debug 
.jlable-Win32 Release 

table-Win32 Debug 

iiJd 

BebuadAII 

Dean 

Cancsl 

F Seleehon onfei 

The remaining codes (cbsky4 and cbzody) can now be built. 

13. Set the CBSKY4 project as the Active Project. (Right click the project cbsky4 in the File View pane 
of the cbsd4 project workspace and select Active Project from the pop-up menu.) 

14. Select the Project|Settings... menu option.   At the Debug Tab, in the General section, look at the 
text box labeled Executable for debug session. Verify that it is: 

\cbsd4\cbsd\cbsky4\cbsky4.exe 

15. and if not, change the value. Likewise, on the Link tab, change the Output Filename in the General 
section. 

16. Select the Build|Batch Build... menu item. 

17. Check the cbsky4-Win32 Release option in the Batch Build Dialog Box. 

18. Click Build. 

The cbsky4 program is now built. 

19. Set the CBZODY6 project as the Active Project. 

20. Select the Project|Settings... menu option. At the Debug Tab, in the General Section, look at the text 
box labeled Executable for debug session. Verify that it is: 

\cbsd4\cbsd\cbzody6\cbzody6.exe 

21. and if not, change the value. Likewise, on the Link tab, change the Output Filename in the General 
section. 

22. Select the Build|Batch Build... menu item. 

23. Check the cbzody6-Win32 Release option in the Batch Build Dialog Box. 

24. Click Build. 

The cbzody6 program is now built. 

In order to run the cbsky4 and cbzody6 programs, the input data files need to be converted from 
ASCn or text format to binary format. This allows optimal data access and improves run times. The 
programs are delivered with the executables responsible for data conversion, so you can simply double 
click the program icon, or if you prefer, you can build them and run them from the project workspace. 
The following three programs should be run to perform the file conversion: 

\cbsd4\cbsd\sky4data\table.exe 

\cbsd4\cbsd\sky4data\library.exe 

\cbsd4\cbsd\volemis\convert.exe 



The table.exe program creates the data file halo.dat (1,608 bytes). The library.exe program 
creates the galaxyjibrary.dat (5.328 bytes) and the library.dat (115,884 bytes) files. The convert.exe 
program creates the sii35gip.bin (792,008 bytes) file. 

To build and run the convert program from the project workspace: 

25. Right-click the convert project in the FileView pane, and choose "Set as Active Project" from the 
pop-up menu. 

26. Right-click the convert project in the FileView pane, and choose "Build" from the pop-up menu. 

27. Press F5 (Function Key 5) to run the program. 

28. Verify that the file \cbsd4\cbsd\volemis\sil35gip.bin exists, was created on this date/time and is 
792,008 bytes. 

To build and run the table program from the project workspace: 

29. Right-click the table project in the FileView pane, and choose "Set as Active Project" from the pop- 
up menu. 

30. Right-click the table project in the FileView pane, and choose "Build" from the pop-up menu. 

31. Press F5 (Function Key 5) to run the program. 

32. Verify that the file \cbsd4\cbsd\sky4data\halo.dat exists, was created on this date/time, and is 1,608 
bytes. 

To build and run the library program from the project workspace: 

33. Right-click the library project in the FileView pane, and choose "Set as Active Project" from the 
pop-up menu. 

34. Right-click the library project in the FileView pane, and choose "Build" from the pop-up menu. 

35. Press F5 (Function Key 5) to run the program. 

36. Verify that the file \cbsd4\cbsd\sky4data\galaxy_library.dat exists, was created on this date/time and 
is 5,328 bytes. 

37. Verify that the file \cbsd4\cbsd\sky4data\library.dat exists, was created on this date/time and is 
115,884 bytes. 

Finally, the CBSD codes are ready to run. Make sure the input files are modified to match your 
installation following the guidelines of Sections 3 and 4. You can skip Section 2.5, unless you plan to run 
CBSD on a Linux or Unix operating system. 

2.5   Unix/Linux/Irix based install 
The Unix distribution has been tested on a SGI 02 Unix system and a RedHat 6.2 linux system 

running on an Intel Pentium computer. Changes may be necessary for other platforms. The Unix/Linux 
distribution is provided in two gziped tar files named cbsd.tar.gz and cbsd4_src.tar.gz. Ungzip and untar 
the files using: 

gzip -d cbsd.tar.gz 

tarxvf cbsd.tar 

gzip -d cbsd4_src.tar.gz 

tarxvfcbsd4 src.tar 



Note: On some Irix systems, the files appear as Cbsd4~l.gz and Cbsdta-l.gz. Uncompress them 
using the "gzip -d" command to get Cbsd4~l and Cbsdta~l then untar those files using "tar xvf Cbsd4~l" 
and"tarxvfCbsdta~l". 

Two directory structures are created, cbsd and cbsd4_src. You should also create a separate 
directory, dataout, with the two subdirectories dataout/cbsky4 and dataout/cbzody6, for the programs to 
put the output files. 

The directory tree cbsd4_src has five subdirectories: 

cbsd4_src/fitsio, 

cbsd4_src/cbsky4, 

cbsd4_src/cbzody6, 

cbsd4_src/sky4data, and 

cbsd4_src/volemis. 

There is a Makefile file included in each source directory. The Makefiles will require some editing for 
your system. 

The programs cbsky4 and cbzody6 link to the fitsio library. Thus, the first item to build is the 
libfitsio.a library. In the cbsd4_src/fitsio directory you must execute either configure or ./configure, 
depending upon operating system, to build the Makefile. 

After configuring your system it may be necessary to modify the Makefile file. Check the FTTSIO 
documentation if necessary. Then issue MAKE which will build the library libfitsio.a. 

In each of the remaining source directories first edit the Makefile and change the HOME parameter to 
the directory containing the cbsd directory. Next issue MAKE in each of the directories. Check the 
trouble shooting section (Section 5) if you run into problems building these programs. 

• cbsky4 

• cbzody6 

• sky4data 

• volemis 

Before running the celestial simulation models, you need to create some binary data files from the 
ASCII files of the distribution. Run the following programs. 

cbsd/sky4data/table, 

cbsd/sky4data/library, and 

cbsd/volemis/convert. 

The codes cbsd/cbzody6 and cbsd/cbsky4 are ready to run once the input files are modified. To run 
cbsky4 open the cbsky4.inp (all lower case) file, and edit the following lines (Note: the semi-colon is a 
comment delimiter): 

[path] 
architecture = UNIX 
path = /usr/you/dataout/cbsky4  ;The path for the output files must exist 
data_path = /usr/Y0U/cbsd/sky4data  ;The location of the data files 
codejpath = /usr/Y0U/cbsd/cbsk;y4    ;The location of the executable 

[spectral] 
start_wavelength = /usr/YOU/cbsd/rsr/msx_a.txt ;The rsr filespec 



Then, run the cbsky4 program. The output data can be viewed in the dataout/cbsk;y4 directory. 

To run cbzody6 open the cbzody.inp (all lower case) file, and edit the following lines (Note: the semi- 
colon is a comment delimiter): 

[path] 
architecture = UNIX 
path = /usr/Y0U/dataout/cbzody6 ; directory for outputs to go 
code_path = /usr/Y0U/\cbsd/cbzody6 ; executable directory 
vol_emiss_path = /usr/YOU/cbsd/volemis ; volemis directory 
data_path = /usr/YOU/cbsd/zodydata ; zodydata directory 

[spectral] 

start_wavelength = /usr/YOU/rsr/DIRBE05.DAT  ;rsr filter function filespec 

Then, run the cbzody6 program. The output data can be viewed in the dataout/cbzody6 directory. 

2.6   Other installs 

CBSD4 has not been extensively tested on different platforms so the extent of the changes needed 
for other platforms is not known. 

Genera! requirements: 

• Use bytes as the length for the RECL= parameter in open statements. 

• Modify the imopen routine for your compiler 

• Modify the make files for your compiler. 
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3  The CBSKY4 Model 
3.1 Introduction 

The CBSKY4 module generates images that contain stellar point sources. This includes not only 
the stars but also includes point source galaxies, HII regions, and planetary nebulae. 

3.2 Using CBSKY4 For the First Time 
To run the cbsky4 program on a Windows system, go to the folder \cbsd4\cbsd\cbsky4, and 

double-click the cbsky4 icon. The program reads the cbsky4.inp text file to get information defining the 
simulation image (e.g., the band-pass, the central Right Ascension and Declination, the IFOV of a pixel, 
the image array dimensions, etc.), settings for model options (e.g., magnitude limit for modeling), and 
system path settings (e.g., where the sky4data folder is, where to put the output). When the program 
completes, there will be three more files in the folder: fort27, temp.log, and Img_name. 

' F:\cbsd4\CBSD\cbsky'1 
RIe    Edit   View    Help 

mmm 

^ cbsky^ 1 fe iili^MLSfl 
Name Size I Type Modified Attributes 

□ cbsky!|.exe 
@ cbsky^.inp 
@fort.27 
U) temp.log 
Q(img_name J 

1,260KB 
5KB 
1KB 
0KB 
1KB 

Application 
INPFile 
27 File 
Text Document 
File 

e/7/00 9 34AM 
6/6/0012:01 PM 
6/7/00 9:56 AM 
6/7/00 9:56 AM 
6/7/0010:13 AM 

A 
A 
A 

5 object(s) 1.23MB ^ 

The Img_name file is a text file containing a single line: 

\CBSD4\dataout\cbsky4\cbsky001 .fit 

which specifies the filename and location of the output image file. As delivered, the cbsky4.inp file 
specifies that outputs are to be written in the \CBSD4\dataout\cbsky4 folder. At the end of this run the 
folder will contain these files: 

* F:\cbsd-1\dataout\cbsky4 
File    Edit   View    Help 

mm^ 

Si cbsky4 

Name 
hlicbskyOOI.fitj 
ffl cbskyOOi Jog 
Q cbskyOOl .sta 
Qcbsd.msg 

I Size I Type I Modified Attributes 1 

265KB 
31KB 

3KB 
1KB 

FIT File 
Text Document 
STA File 
MSG File 

6/7/0G10.13AM 
6/7/0010:13 AM 
6/7/0010:13 AM 
6/7/00 9:56 AM 

A 
A 
A 
A 

A object(s) 297KB 

The files are stored with an index value, eg., cbsky(nnn).sta, where nnn is incremented each time the code 
is run. To start reindexing, define a new path for the output files, or delete the output from this folder. 
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The cbskyOOl .fit file is the image file in FITS (Flexible Image Transport System) format. If you do not 
have a fits reader, the file has a text header which can be viewed in a text editor (just open the fits file in a 
text editor). The following is the header for the file generated by the installation cbsky4.inp. 

SIMPLE  = 
BITPIX  = 
NAXIS 
NAXISl  = 
NAXIS2  = 
COMMENT 
COMMENT 
COMMENT 
COMMENT 
BZERO 
BSCALE  = 
BUNIT 
CTYPEl  = 
CRPIXl  = 
CRVALl  = 
CDELTl  = 
CROTAl  = 
CTYPE2  = 
CRPIX2  = 
CRVAL2  = 
CDELT2  = 
CR0TA2  = 
DATAMIN = 
DATAMAX = 
DATE 
ORIGIN  = 
INSTRUME= 
HISTORY 
HISTORY 
AUTHOR  = 
DATE-OBS= 
HISTORY 
HISTORY 
HISTORY 
HISTORY 
HISTORY 
HISTORY 
HISTORY 
END 

T / file does conform to FITS standard 
-32 / number of bits per data pixel 

2 / number of data axes 
256 / length of data axis 1 
256 / length of data axis 2 

FITS (Flexible Image Transport System) format defined in Astronomy and 
Astrophysics Supplement Series v44/p363, v44/p371, v73/p359, v73/p365. 
Contact the NASA Science Office of Standards and Technology for the 
FITS Definition document #100 and other FITS information. 

O.OOOOOOE+00 / Intensity of 0 byte pixels 
1.000000 / Intensity Scale Factor 

' W/cm2/sr' / Intensity Unit 
'  Long.(Deg)'     / X-axis 

1.0 / Pixel Origin 
208.000000 / Xzero 
-1.000000 / xscale 

0.0 / No Rotation 
Lat. (Deg)'     / y-axis 

1.0 / Pixel Origin 
-128.000000 / Yzero 

1.000000 / Yscale 
0.0 / No Rotation 

O.OOOOOOE+00 / Minimum Intensity 
4.732501E-08 / Maximum Intensity 

/ FITS file creation date (dd/mm/yy) 
/ FITS file creation person-organization 
/ Model 

'07/06/00 
•PIP-MRC/NH' 
•CBSD    ' 
CODE    = CBSKY4 
RELEASE = 1.07 
' Noah    ' 
' 7/ 3/2000' 
TITLE   = CBSKY4 
PROJECTION = Gnomonic 
COORDINATE_SYSTEM = Galactic 
HDRTYPE = HDRO       / 4-Byte Real; I=Image Value 
KWAVEl  =5.49     / Starting Wavelength in microns 
KWAVE2  =11.76     / Ending Wavelength in microns 
KJUL= 2451610.500000 / Julian Date 

/ Code developer 
/ UTC (dd/mm/yyyy) 

For detailed information about FITS formats, consult the standard documents produced by NASA. 
Following the header is the binary image. The output image is 256 columns by 256 rows. Each pixel is a 
4-byte floating point number. Here is the image displayed in DDL with loglO scaling, and stretched for 
minimum value of -13 and maximum value of -9. 

To change the image parameters, edit the cbsky4.inp file using a text editor. Section 3.3 describes the 
parameters and lists their allowed values. 
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3.3   Creating CBSKY4 Inputs 
The CBSKY4 input file (cbsky4.inp) follows the standard Microsoft Windows® ini format 

described in Section 1.5. It must reside in the folder containing cbsky4.exe. The cbsky4.inp file can be 
edited using any text editor. 

Here is a listing of a sample cbsky4.inp file (Note: In the input file the semi-colon (;) is treated as 
a comment delimiter.): 

[path] 
architecture = DOS 
path = d:\dataout\cbsky4 
data_path = d:\cbsd\sky4data 
code_path = d:\cbsd\cbsky4 
verbose = no 

[cbsky4] 
real_stars = yes 
statistical_stars = yes 
clouds = yes 
magnitude_limit = 12.0 
seed = 34e 
method = center 
catalog = no 
nodesfile = node_iah.dat 
elementsfile = elem_iah.dat 
count_statistices = no 
map = no 
errmap = no 
extmap = no 
extinction = no 

[image] 
image = yes 
x_column_pixels = 256 
y_column_pixels = 256 
pixel_size = 0.1 
image_projection = GNOMONIC 
image_center_longitude_degrees = 90. 
image_center_latitude = 0.0 
units = W/CM2/MICR0N 
image_type = 4-BYTE REAL 
output_format = FITS 

[positional] 
observer_altitude = 2026. 
observer_geographic_latitude = 31.9576 
observer_geographic_longitude = 111.5947 
reference_frame = j2000 
positions = apparent 
reference_system = geocentric 
coordinate_system = galactic 

[convolution] 
convolution = yes 
point_spread_function = gaussian 
psf_half_width =1.01 

[spectral] 
start_wavelength = d:\cbsd\rsr\msx_a.txt 
delta_wavelength = 0.1 
band_center = 8.276 
bandwidth = 3.362 

[time] 
observation_date =73 2000 
observation time = 0 0 0.0 

The path for the output files must exist 
The location of the data files 
The location of the executable 
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Following the ini conventions, there are section headings (e.g., "path") and keywords (e.g. "path") 
which must be listed in the file. 

[path] 

path = \CBSD4\dataout\cbsky4  ;The path for the output files must exist 
code_path = \cbsd4\cbsd\cbsky4 ;The location of the executable 

The user can modify the value of the keyword, and below are listed the allowed values for each keyword 
(parameter). 

The output files are stored in the [path] path keyword. Note that the input file is not saved with 
the output files. So, it is generally a good idea to copy the cbsky4.inp file to the output directory, using 
the indexing convention of: 

Cbsky(n«n).inp 

Where nnn is the run number starting with 001 and incrementing (002, 003,...) each time the code is 
executed. After saving your last inputs, you can start editing the file. 

The file cbsky4.inp consists of these seven main sections: 

38. [path] 39. [cbsky4] 40. [image] 

41. [spectral] 42. [convolution]      43. [time] 

44. [positional] 

Each section has one or more keywords that require either a named list option or numeric input. For 
example of named list options, for: 

[image] 
image_projection = Rectangular 

the image_projection keyword can take on any of the following values: rectangular, gnomonic, or 
mollweide. Likewise the coordinate_system keyword in the positional section: 

[positional] 
coordinate_system = Equatorial 

can take on any of the following values: equatorial, galactic, or ecliptic. Capitalization doesn't matter but 
spelling counts, so be careful. 

For the numeric entries, you define the value. The tables below list the value type (e.g., integer, float) 
and the parameter descriptions tell the range of allowed values and their units. For example: 

[positional] 
Observer_geographic_longitude = -34.5 

specifies that the observer coordinate is located at -34.5 degrees West of Greenwich. The possible range 
of values is -180° to +180° and for all CBSD codes the Positive West convention is used. 

Keywords, descriptions, and allowed values are provided on Pages 15-42 
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[path] 

Parameter Usage DeHiution 

architecture 
DOS Flag for MS-DOS and Windows based computers. 

UNIX Flag for Unix and Linux systems. 

path 
"Path" Full path to the subdirectory where the CBSKY 

image data are to be stored. 

code_path 
"Path" Full path to the executables and user input files. 

data_path 
"Path" Full path to the subdirectory where the SKY 

statistical stellar database is stored. 

verbose 

No 

Yes 

Does not write additional information to log file. 

Writes additional information to the log file to aid in 
debugging.  

15 



[cbsky4] 

Parameter Usage 

map 

No 
method 

Center 

Vertices 

log_output 

magnitudejimit 

catalog 

No 

Yes 

catalogjimit 

count_statistics 
No 
Yes 

Definition 

Future usage. Just say No. 

Use the center point of the finite element triangle to 
obtain the stellar density distribution. 

Use the vertices of the finite element triangle and 
average the three values to obtain the stellar density 
distribution. 

'Filename" An optional name for the output file. If none is 
specified, the default of CBSKYxxx.LOG is used, 
where xxx is a running numerical index starting at 
000. The index number is the same as the one 
 generated by the image parameter.  

Floating Point         The limiting magnitude of the image generation. An 
increased magnitude limit means increased fidelity 

 but also increased run time. 

Does not generate a file with the list of stars used in 
the image. 

Generates a file name of the form CBSKYxxx.CAT 
where xxx is a running numerical index starting at 
000. The index number is the same as the one 
generated by the image parameter. The form of the 
file is three ASCII columns. The first column is the 
Right Ascension in degrees. The second column is 
Declination in degrees. The third column is the flux 
with the units given by the units parameter.  

Floating Point         A magnitude value to indicate the limiting magnitude 
of the ASCII catalog. This value can be less than or 
 equal to the magnitudejimit parameter.  

Do not generate count statistics infonnation. 
Generate the count statistics information. The count 
statistics are used to make the log{N) - log{S) plots. 
A value of Yes creates a file called CBSKYxxx.STA 
which is eleven columns of values; magnitude bin 
number, stars per bin, cumulative stars per bin, 
magnitude, log N, magnitude, log N per magnitude, 
log flux, log N, log flux, log N per magnitude.  
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[cbsky4] cont. 

Parameter 

real stars 

Usage 

No 

Yes 

Definition 

Do not produce an image using the real star 
database. 

Produce an image using tine real star database files 
which consist of the Yale BSC in the visual and a 
merged IRAS/MSX catalog at 12 microns. These 
stars all have a spectral template applied and will be 
visible (possibly) in all wavelengths.  

statistical stars 
No 

Yes 
Do not produce an image with statistical stars. 
Produce an image populated with statistical stars. 
These stars do not produce an image with the 
correct placement of stars compared to catalog 
images. However, the number of stars per 
magnitude interval per spectra! type is correct. 

17 



[cbsky4] cont. 

Parameter Usage 

clouds 

No 

Yes 

nodesfile 

Tilename" 

elementsfile 

seed 

Integer 
extinction 

No 
errmap 

No 
extmap 

No 

Definition 

Do not produce an image with the molecular cloud 
enhancements. 

A separate component of the statistical stars are the 
molecular cloud stars. These are regions with 
higher than average stellar densities. A Yes 
indicates that the star clouds will be included. The 
star clouds are treated as ellipses with a Gaussian 
fall off in number density. Examples of star clouds 
are the LMC and Orion. 

The entire sky of CBSKY4 was divided, by finite 
element grid generation, into a set of triangles. The 
smaller triangles represent higher stellar density 
regions. The nodesfile represents the name of the 
file (without path information) with the coordinates of 
the vertices of the triangles. Three node files exist 
for different spectral regions and resolutions. 
nodeJah.datior high resolution infrared, 
node_ia.dat for low resolution infrared, and 
node_va.datior visible wavelengths. This file must 
be paired with elementsfile.     

"Filename" The entire sky of CBSKY4 was divided, by finite 
element grid generation, into a set of triangles. The 
smaller triangles represent higher stellar density 
regions. The elementsfile represents the name of 
the file (without path infomiation) with the connection 
paths between nodes. Three element files exist for 
different spectral regions and resolutions. 
elemjah.datior high resolution infrared, elem_ia.dat 
for low resolution infrared, and elem_va.datior 
visible wavelengths. This file must be paired with 

        nodesfile. 

A random number seed value 

Future usage, leave as No. 

Future usage, leave as No. 

Future usage, leave as No. 
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[image] 

Parameter Usage Description 

image 
No 
Yes 

Suppress image generation (for debugging only). 

Create an image of tiie form CBSKYxxx.yyy where 
XXX is a running numerical Index starting at 000. 
The yyy extension indicates type of image or the 
header. If yyy is BIN the image is headerless. If the 
extension if FIT the file is in FITS format. See the 
related parameters output_format and 
imagejtype.  

x_column_pixels 
Integer The horizontal image size in pixels. Valid range is 1 

to 4096. 

y_row_pixels 
Integer The vertical image size in pixels. Valid range is 1 to 

4096. 

pixel_size 
Floating point          The angular size of each pixel in degrees per pixel. 
 Each pixel is taken to be square.  

image_center_longitude_hours 
Floating point. 

Integer (Hours), 
Floating Point 
(Minutes). 

Integer (Hours), 

Integer (Minutes) 
Floating Point 
(Seconds). 

The image_center_longitude_hours parameter 
specifies the longitude center of the image in 
decimal hours. For the equatorial system, 
image_centerJongitude is Right Ascension. The 
range of values is from O.o"^ to 24.0*^. 
Optionally, the image_center_longitude_hours 
parameter can specify the longitude center of the 
image in integer hours and decimal minutes. The 
range of values is from 0*' 0.0"" to 24" 0.0"". 
Optionally, the image_center_longitude_hours 
parameter can specify the longitude center of the 
image in integer hours, integer minutes, and decimal 
seconds. The range of values is from O" 0"" 0.0^ to 
24" 0*" 0.0^ 
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[image] cont. 

Parameter Usage Definition 

image_center_longltude_degrees 
Floating point. 

Integer (Degrees), 
Floating Point 
(Minutes). 

Integer (Degrees), 

Integer (Minutes) 

Floating Point 
(Seconds). 

image_center_latltude 
Floating point. 

Integer (Degrees), 
Floating Point 
(Minutes). 

Integer (Degrees), 
Integer (Minutes) 
Floating Point 
(Seconds).  

output_format 

None 

FITS 

The image_center_longitude_degrees parameter 
specifies tlie longitude center of tlie image in decimal 
degrees. For the equatorial system, 
image_centerJongitude is Right Ascension which is 
fonnally measured in hours. Degrees are obtained by 
multiplying the Right Ascension, in hours, by 15. The 
range of values is from 0.0° to 360.0°. 

Optionally, the image_centerJongitude_degrees 
parameter can specify the longitude center of the 
image in integer degrees and decimal minutes. The 
range of values is from 0° 0.0' to 360° 0.0'. 

Optionally, the image_center_longltude_degrees 
parameter can specify the longitude center of the 
image in integer degrees, integer minutes, and 
decimal seconds. The range of values is from 0° 0' 
0.0" to 360° 0' 0.0". 

The image_center_latitude parameter specifies the 
latitude center of the image in decimal degrees. For 
the equatorial system, image_center_latitude is 
Declination. The range of values is from -90.0° to 
+90.0°. 

Optionally, the image_center_latitude parameter can 
specify the latitude center of the image in integer 
degrees and decimal minutes. The range of values is 
from -90° 0.0' to +90° 0.0'. 

Optionally, the image_centerjatitude parameter can 
specify the longitude center of the image in integer 
degrees, integer minutes, and decimal seconds. The 
range of values is from -90° 0' 0.0" to +90° 0' 0.0". 

The None option produces an unformatted image, 
either byte or word as specified by image_type, with 
no header. 

The F/TS format is standard FITS specified by NASA 
GSFC FITS Committee. A copy of "Implementation of 
the Flexible Image Transport System (FITS)", NOST 
Report 100-03b is included with this documentation. 
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[image] cont. 

Parameter Usage Definition 

units 
Jy/sr Flux unit of Janskys/steradian. 

Mjy/sr Flux unit of MegaJanskys/steradian. 

Jy Flux unit of Janskys. 

MJy Flux unit of MegaJanskys. 

W/cm2/sr/um Flux unit of W/cm^/sr/nm. 

W/cm2/sr Flux unit of W/cm^/sr. 

W/cm2 Flux unit of W/cm^. 

W/cm2/um Flux unit of W/cm^/Mm. 

imagejtype 
Byte The output image is stored as an 8-bit, unformatted 

image. 

4-byte-real The output image is stored as a 4-byte, unformatted, 
floating point number. Floating point data are stored 
in the native format of the computer used to 
generate images. When transferring the image to a 
UNIX platform, the user must be aware of the need 
to perform byte swapping.  

image_projection 
Rectangular 

Gnomonic 

Mollweide 

The Rectangular projection is the familiar Mercator 
type of projection with parallel lines of latitude and 
parallel lines of longitude. Maps produced by 
CBSKY using the Recfangru/ar projection do not 
"wrap" at the poles. This is not the case at 0*^ and 
24*' were "wrapping" is allowed. 
The Gnomonic projection is the projection of a 
sphere onto a plane from a tangent point; in other 
words, as a camera would see it. 
The Mollweide projection is an equal-area sinusoidal 
projection with the lines of latitude all parallel. The 
Mollweide projection is only used as an all sky 
projection. It is recommended that the ratio of 
x_column_pixels to y_row_pixels be 2:1 for a 
more pleasing image.  
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[positional] 

The [positional] section specifies geometric parameters. 

Parameter Usage 

observer_altitude 

Floating point 

observer_geographic_latitude 
Floating point 

observer_geographicJongitude 
Floating point 

reference frame 

J2000 

B1950 
True 

coordinate_system 
Equatorial 

Galactic 

Ecliptic 
positions 

Apparent 

Astrometric 

Geometric 

Definition 

The altitude, in meters, of an observer as defined by 
the Earth's reference geoid of 1976. 

The observer coordinates in degrees referenced to 
the equator with positive north of the equator and 
negative south of the equator.        

The observer coordinates in degrees relative to 
Greenwich with positive longitudes taken to be west 
of Greenwich and negative longitudes east of 
Greenwich. The possible range is -180° to +180°. 

Image coordinates are specified as J2000. 

Image coordinates are specified as B1950. 

Image coordinates are specified as reference to the 
mean equinox and epoch of the observation.  

The equatorial system is the familiar Right 
Ascension and Declination coordinate system. The 
sides of the output image are always parallel to the 
lines of longitude and latitude, that is, no image 
rotations are possible. 

A coordinate system based on the galactic 
coordinate ^i and b^ of B1950. 
The ecliptic coordinate system.  

Apparent positions are those with the 
reference_frame given as True, the mean equinox 
and epoch of the observation. 

Astrometric positions are referenced to a standard 
such as J2000, B1950, 81900, etc. 
Geometric coordinates are positions of objects 
without light time corrections or aberrations.  
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[positional] cont. 

Parameter Usage Definition 

reference_system 
Geocentric A reference system centered on the Earth's center. 
Topocentric A reference system centered on the position of the 

observer. 

Heliocentric A reference system centered on the center of the 
Sun. 

Barycentric             A reference system centered on the solar system's 
 barycenter.  
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[convolution] 

The [convolution] section allows the optional definition of a point spread function. 

Parameter Usage Derinition 

point_spread__function 
No 

Gaussian 
Do not apply a point spread function. 

Apply a Gaussian point spread function with width 
given by gaussian_half_width.  

gaussian_half_width 

Floating point The half width at half maximum of the Gaussian 
point spread function in pixels. Ignored if 

 point_spread_function=no.     
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[spectral] 

The [spectral] section has four parameters that specify the spectral characteristics of the image. 
CBSKY4 has a wavelength coverage of 0.2[im to 30jim. 

Parameter Usage Definition 

start_ wavelength 

end__ wavelength 

delta_ wavelength 

"Filename" The full path to a filter response file. The data are 
two columns, wavelength in microns and response. 
The data do not need to be evenly spaced. A cubic 
spline is used to interpolate the spectral filter. To aid 
in the usage of the cubic spline, the first and last 
values in the response file should be zero (0.0). The 
end_wavelength parameter is not used. 

Floating point The start wavelength, in micrometers, of the 
bandpass. 

B Use the standard B photometric band (0.44pm). 
The end_wavelength parameter is not used. 

V Use the standard V photometric band (0.55pm). 
The end_wavelength parameter is not used. 

J Use the standard J photometric band (1.25pm). The 
end_wavelength parameter is not used. 

H Use the standard H photometric band (1.65pm). 
The end_wavelength parameter is not used. 

K Use the standard K photometric band (2.22pm). 
The end_wavelength parameter is not used. 

2.4um Use the COBE/DIRBE 2.4pm band (Band 2). The 
end_wavelength parameter is not used. 

12um Use the IRAS 12prTi band (Band 1). The 
end_wavelength parameter is not used. 

25um Use the IRAS 25pm band (Band 2). The 
end_wavelength parameter is not used. 

1565A Use the TD1 1565A band. The end_wavelength 
parameter is not used. 

1400A Use the TD1 1400A band. The end_wavelength 
parameter is not used. 

1660A                     Use the TD1 I66OA band. The end_wavelength 
 parameter is not used.  

Floating point         The stop wavelength, in micrometers, of the 
 bandpass.  

Floating point The delta_wavelength parameter specifies the step 
in wavelength, in micrometers, for an output 

 spectrum.  
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[spectral] cont. 

Parameter Usage 

flux_mag_zero 

band_center 

band_width 

Definition 

Floating point          An optional parameter that allows the in-band 
 magnitude of objects to be quoted.  

Floating point If not specified the CBSD code will define the band 
center by a simple center of gravity calculation. This 
is not always in agreement with system developer's 
definitions. This parameter allows an override of the 

  internal routines. 

Floating point If not specified, the CBSD code will define the 
bandwidth by a simple center of gravity calculation. 
This is not always in agreement with system 
developer's definitions. This parameter allows an 
 override of the internal routines. 
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[time] 

The [time] section specifies the date and time of the observation. 

Parameter Usage Definition 

observation__date 
Integer (Day), 
Integer (Month), 

Integer (Year). 

Floating Point 

observation_time 
Integer (Hour), 
Integer (Minute), 

Floating Point 
(Seconds). 

time_stamp 
UT1 

UTC 

TDT 

The observatlon_date is three numbers in the order 
integer day, numbered month, and 4-digit year. For 
example, 

3 15 1995 
A second option exists for observation_date which 
can read the Julian date. Enter the complete Julian 
date, for example, 

2445345.125 
In this case the observation_time is not read. 

The observation_time parameter is the integer 
hour, integer minute and floating point second of the 
observation. For example, 

12 23 55.06 
Ignored if the observatlon_date is specified as a 
Julian date.   

The time of observation is defined as the Mean 
Solar Time. 
The time of observation is defined as the 
Coordinated Universal Time - clock time referenced 
to Greenwich. 
The time of observation is defined as the Terrestrial 
Dynamical Time - Used for calculations of 
ephemerides.   
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4  The CBZODY6 Model 
4.1 Introduction 

The CBZ0DY6 model gives the flux from the solar system dust cloud that is defined as the 
zodiacal light and the zodiacal bands. 

4.2 Using CBZODY6 For the First Time 
To run the cbzody6 program on a Windows system, go to the folder \cbsd4\cbsd\cbzody6, and 

double-click the cbzody6 icon. The program reads the cbzody.inp text file to get information defining the 
simulation image (e.g., the band-pass, the central Right Ascension and Declination, the IFOV of a pixel, 
the image array dimensions, etc.), settings for model options (e.g., scattering phase function for 
modeling), and system path settings (e.g., where the zodydata folder is, where to put the output). When 
the program finishes, there will be three more files in the folder. 

« F:\cbsd4\CBSD\cbzody6 
File    Edit   View    Help 

HBD 

€3ci)rodyG 

Name 

3 M falfei MM^\ ^\ X-Wl HHteliill 
Size   Type Modified 

■llmgLnarneJ 
Attributes 

j5temp.log 
Qcbzocly6.exe 
S cbzody.inp 
@ listdat 
g] Iist90.dat 
y listz.dat 

1KB File 
0KB Text Document 

540KB Application 
2KB INPFile 
1KB DAT File 
6KB DAT File 
1KB DAT File 

6/7/0011:24 AM 
6/7/0011:24 AM 
6/7/00 9:35 AM 
6/6/00 12:02 PM 
6/2/0011:22 AM 
6/2/00 11:22 AM 
6/2/00 11:22 AM 

A 
A 
A 

7 objec:t(s} 547KB /i 

The Img_name file is a text file containing a single line: 

\CBSD4\dataout\cbzody6\cbzody001 .fit 

which specifies the filename and location of the output image file. As delivered, the cbzody6.inp file 
specifies that outputs are to be written in the \CBSD4\dataout\ cbzody6 folder. At the end of this run the 
folder will contain these files: 

1* F:\cbsd4\dataout\cbzodyB BlilQt 
jRle    £dit   View    Help                                                                                                      j 

^cbzodye                                     y   S| %|=ki| M^\m\ -^ xlof! m\mm\ 
Name                        |          Size | Type 1 Modified                     | Attributes | 
a^icbzdyOOI.fiti                  265KB   FIT File 6/7/0011:26 AM                        A 

6/7/0011:24 AM                        A 
6/7/0011:24 AM                        A 
6/7/00 11:24 AM                        A 

Mcbsd.msg                         1KB   MSGFile 
@ cbzdy001.dat                    3KB   DAT File 
® cbzcfyOOl log                    2KB   Text Document 

A objec:t(s)                           268KB //. 

The files are stored with an index value, eg., cbzdy(/inn).dat, where nnn is incremented each time the code 
is run. To start reindexing, define a new path for the output files, or delete the output from this folder. 
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The cbzodyOOl .fit file is the image file in FITS (Flexible Image Transport System) format. If you do not 
have a fits reader, the file has a text header which can be viewed in a text editor Gust open the fits file m a 
text editor). The following is the header for the file generated by the installation cbzody.inp. 

SIMPLE  = 

BITPIX  = 
NAXIS 

NAXISl  = 
NAXIS2  = 
COMMENT 
COMMENT 

COMMENT 
COMMENT 

BZERO 
BSCALE  = 

BUNIT 
CTYPEl  = 
CRPIXl  = 
CRVALl  = 
CDELTl  = 
CROTAl  = 
CTYPE2  = 
CRPIX2  = 
CRVAL2  = 

CDELT2  = 
CR0TA2  = 
DATAMIN = 
DATAMAX = 

DATE 
RIGIN 
INSTRUME: 
HISTORY 
HISTORY 
AUTHOR 
DATE - OB S: 
HISTORY 
HISTORY 
HISTORY 
HISTORY 
HISTORY 
HISTORY 
HISTORY 

END 

T / file does conform to FITS standard 

-32 / number of bits per data pixel 

2 / number of data axes 

256 / length of data axis 1 
256 / length of data axis 2 

FITS (Flexible Image Transport System) format defined in Astronomy and 
Astrophysics Supplement Series v44/p363, v44/p371, v73/p359, v73/p365. 

Contact the NASA Science Office of Standards and Technology for the 

FITS Definition document #100 and other FITS information. 

O.OOOOOOE+00 / Intensity of 0 byte pixels 

Jansky/sr 

Long.(Deg) 

Lat. (Deg) 

1.000000 / Intensity Scale Factor 

/ Intensity Unit 
/ X-axis 

1.0 / Pixel Origin 

102.800003 / Xzero 
-0.100000 / Xscale 

0.0 / No Rotation 
/ Y-axis 

1.0 / Pixel Origin 

-12.800000 / Yzero 

0.100000 / Yscale 
0.0 / No Rotation 

3.719145E+07 / Minimum Intensity 
1.065804E+08 / Maximum Intensity 

/ FITS file creation date (dd/mm/yy) 
/ FITS file creation person-organization 

/ Model 

•07/06/00 
'PIP-MRC/NH' 

'CBSD    ' 
CODE    = CBSKY4 

RELEASE =6.06 
'Noah    ' 
'15/ 4/2000' 
TITLE   = CBZ0DY6 
PROJECTION = Gnomonic 
COORDINATE_SYSTEM = Ecliptic 
HDRTYPE = HDRO       / 4-Byte Real; I=Image Value 
KWAVEl  =7.66     / Starting Wavelength in microns 
KWAVE2  =17.47     / Ending Wavelength in microns 

KJUL= 2451649.500000 / Julian Date 

/ Code developer 
/ UTC (dd/mm/yyyy) 

For detailed information about FITS formats, consult the standard documents produced by NASA. 
Following the header is the binary image. The output image is 256 columns by 256 rows. Each pixel is a 
4-byte floating point number. 

To change the image parameters, edit the cbzody.inp file using a text editor. Section 4.3 describes the 
parameters and lists their allowed values. 
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4.3   Creating CBZODY Input Files 
The cbzody input file (cbzody.inp) follows the standard Microsoft Windows © ini format 

described in Section 1.5. It must reside in the folder containing cbzody6.exe. The cbzody.inp file can be 
edited using any text editor. All inputs are read from a file called cbzody.inp except for the observational 
datasets, which require command line information. 

Here is a listing of a sample cbzody.inp file (Note: In the input file the semi-colon (;) is treated as a 
comment delimiter.): 

[path] 
architecture = DOS    ;for UNIX use unix 
path=c:\dataout\cbzody6\     /location of output images 
code_path = c:\cbsd\cbzody6  /location of executables 
data_path = c:\cbsd\zodydata  /ancillary CBZ0DY6 data files 
vol_emiss_path = c:\cbsd\voleniis     /location of volumetric data files 
verbose = yes  /lots of output 

[cbzody] 
cloud = yes   /calculate the dust cloud 
bands = yes   /calculate the dust bands 
ring = no     /no ring calculation 
model = gnomonic     /pixel-by-pixel calculation 
Volume_emissivity = sil35gip.bin     /65 %astronomical silicate and 35% graphite 
material_file = unformatted   /binary version 
Volume_scattering = silip.sct / silicate scattering 
Gain = no     /for use with IRAS data only 
cio = no      /for use with COBE data only 

[image] 
x_column_pixels = 256 /image size 
y_row_pixels = 256 
pixel_size =0.5      /per pixel FOV 
image_center_latitude = 30.75 /degrees 
image_center_longitude_degrees = 203.53     /degrees 
image_projection = gnomonic 
image_type = 4-byte real 
output_format = FITS 
units = Jy/sr  /output units selection 

[positional] 
observer_altitude = 0.       /observer altitude above MSL 
observer_geographic_latitude = -23.0 /geographic coordinates 
observer_geographic_longitude = -120.0 
reference_frame = J2000      /J2000 
positions = apparent  /equinox and epoch of date 
coordinates = equatorial     / RA and Dec 

[spectral] 
etart_wavelength = c:\cbsd\rsr\dirbe05.dat   /dirbe band 5 
delta_wavelength = 0.1 /microns, must match spacing of volumetric files 
band_center = 13.518  /microns 
bandwidth =6 .5599    /microns 
color_correction = 0.93      /correct color 

[time] 
observation_date = 16 7 1994 /dmy 
observation_time = 6 54 0 /hms 
time_stamp = UTC     /always use UTC 
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Following the ini conventions, there are section headings (e.g., "path") and keywords (e.g. "path") 
that must be listed in the file. 

[path] 
path = c:\dataout\cbzody6\ /location of output images 
code_path = c:\cbsd\cbzody6 ;location of executables 
data_path = c:\cbsd\zodydata /ancillary CB20DY6 data files 

The user can modify the value of the keyword, and below are listed the allowed values for each keyword 
(parameter). 

The output files are stored in the [path] path keyword. Note that the input file is not saved with 
the output files. So, it is generally a good idea to copy the cbzody.inp file to the output directory, using 
the indexing convention of: 

Cbzody(nrtn).inp 

Where nnn is the run number starting with 001 and incrementing (002,003,...) each time the code is 
executed. After saving your last inputs, you can start editing the file.- 

The input file is divided into six sections: 

[path] [cbzody] [image] 

[spectral] [positional] [time] 

Each section specifies related parameters. The sections are similar for all of the CBSD codes 
with the exception of [cbzody] which are inputs specific to this model. 

Each section has one or more keywords that require either a named list option or numeric input. For 
example of named list options, for: 

[image] 
image_projection = Rectangular 

the image_projection keyword can take on any of the following values: rectangular, gnomonic, or 
mollweide. Likewise the coordinate_system keyword in the positional section: 

[positional] 
coordinate_system = Equatorial 

can take on any of the following values: equatorial, galactic, or ecliptic. Capitalization doesn't matter but 
spelling counts, so be careful. 

For the numeric entries, you define the value. The tables below list the value type (e.g., integer, float) 
and the parameter descriptions tell the range of allowed values and their units. For example: 

[positional] 
Observer_geographic_longitude = -34.5 

Specifies that the observer coordinate is located at -34.5 degrees west of Greenwich. The possible 
range of values is -180° to +180° and for all cbsd codes, the positive west convention is used. 

The following tables list the keywords, their descriptions, and their allowed values. 
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[path] 

Parameter Usaee Definition 

architecture 

DOS 
UNIX 

Flag for MS-DOS computers. 
Flag for UNIX systems. 

path 

Tath" Full path to the subdirectory where the image data 
are to be stored. 

vol_emiss_path 

"Path" Full path to the subdirectory where the CBZ0DY6 
volume emissivity database is stored. 

code_path 

"Path" Full path to the subdirectory where the CBZ0DY6 
executable and user input are stored. 

data_path 

"Path" Full path to the subdirectory where the SKY 
statistical stellar database is stored. 

verbose 

No Does not write additional information to log file. 

Yes Writes additional information to the log file to aid in 
debugging. 
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[cbzody] 

Parameter Usage Definition 

model 
Area 

Los 

Spectrum 

Produce an image of size nxm where n and m are 
specified by the user calculating the radiance at 
every pixel used with a Gnomonic or Rectangular 
image projection 

Produce an intensity along a single line of sight, also 
capable of reading a list. 

When models los, five columns are output to 
CBZ0DY.LOG. The first two are the pointing 
direction in degrees for the chosen coordinate 
system (latitude then longitude). The next are the 
total (cloud + bands), cloud, and band intensities in 
MJy/sr. 
Produce a spectrum between two wavelengths. 
When model = spectrum, five columns are output to 
CBZ0DY.LOG. The first column is the wavelength 
in microns. The next are the total (cloud + bands), 
cloud, and band intensities in MJy/sr. The final is 
the Brightness temperature in Kelvin.  

Band power law 
Integer Power law for the migrating band function. This 

parameter must correspond to input values in the 
cbaparms.dat file.  

gam 
No 
Yes 

Do not use the empirical gain function. 

The IRAS satellite was known to have time varying 
gain variations and gain variations with source 
intensity. These have been partially characterized 
and can be included in the calculations. At this 
point, the gain model should only be used when 
comparing directly with IRAS data.  
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[cbzody] cont. 

Parameter Usage 

cloud 

No 

Yes 

bands 

No 

Yes 

ring 

No 
Yes 

volume_emissMty 

"Filename" 

material file 

Formatted 

Unformatted 

volume_scattering 

scattering 

Definition 

Specifies that the dust cloud structure is not to be 
included in the flux calculation. 

Specifies that the dust cloud structure is to be 
included in the flux calculation. 

Specifies that the band structure is not to be 
included in the flux calculation. 

Specifies that the band structure is to be included in 
the flux calculation. 

Do not use the solai* system ring construct. 

Dermott (1993) theorized that the solar system has a 
ring just outside of Earth's orbit brought about by 
resonant trapping of particles. This parameter 
implements a simple representation of the solar 
system ring.  

The material file is the database of volume emissivity 
versus distance from the Sun at 3001 wavelength 
points. ___^_^ 

The Formaffed option allows the database to be an 
ASCII file, normally Unformatted should be chosen 
for speed. 

The Unformatted option requires that the database 
be converted with the CONVERT program.  

"Filename" A volume scattering function data file in ASCII. 

Henyey-Greenstein Scattering will be perfomied with a scattering phase 
function as defined by Hong (1990), a summation of 
Henyey-Greenstein functions. 

Legendre Scattering will be performed with a scattering phase 
function defined by Price and Murdock (1985), a 
 series of Legendre polynomials.  
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[image] 

Parameter Usage Description 

image 
No 

Yes 

Suppress image generation (for debugging only). 

Create an image of the form CBSKYxxx.yyy wiiere 
XXX is a running numerical index starting at 000. 
The yyy extension indicates type of image or the 
header. If yyy is BIN the image is headerless. If the 
extension is FIT the file is in FITS format. See the 
related parameters output_format and 
image_type.  

x_column_pixels 
Integer The horizontal image size in pixels. Valid range is 1 

to 4096. 

y_row_pixels 
Integer The vertical image size in pixels. Valid range is 1 to 

4096. 

pixel_size 
Floating point          The angular size of each pixel in degrees per pixel. 
 Each pixel is taken to be square.  

image_center_longitude_hours 
Floating point. 

Integer (Hours), 

Floating Point 
(Minutes). 

Integer (Hours), 
Integer (Minutes) 
Floating Point 
(Seconds). 

The image_center_longitude_hours parameter 
specifies the longitude center of the image in 
decimal hours. For the equatorial system, 
image_centerJongitude is Right Ascension. The 
range of values is from 0.0*^ to 24.0*'. 

Optionally, the image_center_longitude_hours 
parameter can specify the longitude center of the 
image in integer hours and decimal minutes. The 
range of values is from O*" O.O"" to 24" 0.0"". 
Optionally, the image_center_longitude_hours 
parameter can specify the longitude center of the 
image in integer hours, integer minutes, and decimal 
seconds. The range of values is from O*' O'" 0.0* to 
24'' O"' 0.0*. 
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[image] cont. 

Parameter Usage Deflnition 

image_center_longitude_degrees 
Floating point. 

Integer (Degrees), 

Floating Point 
(Minutes). 

Integer (Degrees), 

Integer (Minutes) 

Floating Point 
(Seconds). 

image_centerjatitude 
Floating point. 

Integer (Degrees), 
Floating Point 
(Minutes). 

Integer (Degrees), 
Integer (Minutes) 
Floating Point 
(Seconds).  

output_format 

None 

FITS 

The image_centerJongitude_degrees parameter 
specifies the longitude center of the image in decimal 
degrees. For the equatorial system, 
image_centerJongitude is Right Ascension that is 
formally measured in hours. Degrees are obtained by 
multiplying the Right Ascension, in hours, by 15. The 
range of values is from 0.0° to 360.0°. 

Optionally, the image_center_longitude_degrees 
parameter can specify the longitude center of the 
image in integer degrees and decimal minutes. The 
range of values is from 0° 0.0' to 360° 0.0'. 

Optionally, the image_centerJongitude_degrees 
parameter can specify the longitude center of the 
image in integer degrees, integer minutes, and 
decimal seconds. The range of values is from 0° 0' 
0.0" to 360° 0' 0.0". 

The image_center_latitude parameter specifies the 
latitude center of the image in decimal degrees. For 
the equatorial system, image_center_latitude is 
Declination. The range of values is from -90.0° to 
+90.0°. 

Optionally, the image_center_latitude parameter can 
specify the latitude center of the image in integer 
degrees and decimal minutes. The range of values is 
from -90° 0.0' to +90° 0.0'. 

Optionally, the image_centerjatitude parameter can 
specify the longitude center of the image in integer 
degrees, integer minutes, and decimal seconds. The 
range of values is from -90° 0' 0.0" to +90° 0' 0.0". 

The None option produces an unformatted image, 
either byte or word as specified by image_type, with 
no header. 

The F/rS forniat is standard FITS specified by NASA 
GSFC FITS Committee. A copy of "Implementation of 
the Flexible Image Transport System (FITS)", NOST 
Report 100-03b is included with this documentation. 
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[image] cont. 

Parameter Usage Deflnition 

units 
Jy 
Jy/sr 

MJy 
MJy/sr 

W/cm2/sr/um 

W/cm2/sr 

W/cm2 

W/cm2/um 

Flux units of Jansky 

Flux units of Jansky/sr 
Flux units of MegaJansky 
Flux units of MegaJansky/sr 

Flux unit of W/cm^/sr/|im. 

Flux unit of W/cm^/sr. 

Flux unit of W/cm^. 

Flux unit of W/cm^/nm. 

image_type 
Byte The output image is stored as an 8-bit, unformatted 

image. 
4-byte-real The output image is stored as a 4-byte, unformatted, 

floating point number. Floating point data are stored 
in the native format of the computer used to 
generate images. When transferring the image to a 
different computer the user must be aware of the 
 need to perform byte swapping.  

image_projection 
Rectangular 

Gnomonic 

Mollweide 

The f?ectengfu/ar projection is the familiar Mercator 
type of projection with parallel lines of latitude and 
parallel lines of longitude. Maps produced by 
CBSKY using the Recfangu/ar projection do not 
"wrap" at the poles. This is not the case at o'' and 
24^" were "wrapping" is allowed. 
The Gnomonic projection is the projection of a 
sphere onto a plane from a tangent point; in other 
words, as a camera would see it. 
The Mollweide projection is an equal-area sinusoidal 
projection with the lines of latitude all parallel. The 
Mollweide projection is only used as an all sky 
projection. It is recommended that the ratio of 
x_column_plxels to y_row_pixels be 2:1 for a 
more pleasing image.  
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[positional] 

The [positional] section specifies geometric parameters. 

Parameter Usage Definition 

observer altitude 

Floating point 

observer_geographlcJongitude 
Floating point 

reference_frame 
J2000 
B1950 

True 

coordinate_system 

Equatorial 

Galactic 

Ecliptic 
positions 

Apparent 

Astrometric 

Geometric 

observer_geographic_latitude 
Floating point 

The altitude, in meters, of an observer as defined by 
the Earth's reference geoid of 1976.  

The observer coordinates in degrees referenced to 
the equator with positive north of the equator and 
negative south of the equator.  

The obsen/er coordinates in degrees relative to 
Greenwich with positive longitudes taken to be west 
of Greenwich and negative longitudes east of 
Greenwich. The possible range is -180° to +180°. 

Image coordinates are specified as J2000. 
Image coordinates are specified as B1950. 

Image coordinates are specified as reference to the 
mean equinox and epoch of the observation.  

The equatorial system is the familiar Right 
Ascension and Declination coordinate system. The 
sides of the output image are always parallel to the 
lines of longitude and latitude, that is, no image 
rotations are possible. 

A coordinate system based on the galactic 
coordinate ^i and fan of B1950. 

The ecliptic coordinate system.  

Apparent positions are those with the 
reference_frame given as True, the mean equinox 
and epoch of the observation. 

Astrometric positions are referenced to a standard 
such as J2000, B1950, 81900, etc. 

Geometric coordinates are positions of objects 
without light time corrections or aberrations.  
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[positional] cont. 

Parameter Usage Definition 

reference_system 
Geocentric A reference system centered on the Earth's center. 

Topocentric A reference system centered on the position of the 
observer. 

Heliocentric A reference system centered on the center of the 
Sun. 

Barycentric             A reference system centered on the solar system's 
 barycenter.  
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[spectral] 

The [spectral] section has four parameters that specify the spectral characteristics of the image. 
CBZ0DY6 has a wavelength coverage of0.2to30|xm. 

Parameter                   Usage Defiiiition 

start_wavelength 

"Filename" The full path to a filter response file. The data are 
two columns, wavelength in microns and response. s- 
The data do not need to be evenly spaced. A cubic 
spline is used to interpolate the spectral filter. To aid 
in the usage of the cubic spline, the first and last 
values in the response file should be zero (0.0). The 
end_wavelength parameter is not used. 

Floatina ooint The start wavelength, in micrometers, of the 
bandpass. 

B Use the standard B photometric band (0.44nm). 
The end_wavelength parameter is not used. 

V Use the standard V photometric band (0.55[im). 
The end_wavelength parameter is not used. 

J Use the standard J photometric band (1.25pm). The 
end_wavelength parameter is not used. 

H Use the standard H photometric band (LSSpm). 
The end_wavelength parameter is not used. 

K Use the standard K photometric band {2.22\m\). 
The end_wavelength parameter is not used. 

2.4um Use the COBE/DIRBE 2.4pm band (Band 2). The 
end_wavelength parameter is not used. 

12um Use the IRAS 12pm band (Band 1). The 
end_wavelength parameter is not used. 

25um Use the IRAS 25pm band (Band 2). The 
end_wavelength parameter is not used. 

1565A Use the TD1 1565A band. The end_wavelength 
parameter is not used. 

1400A Use the TD1 1400A band. The end_wavelength 
parameter is not used. 

1660A Use the TD1 I66OA band. The end_wavelength 
parameter is not used. i 

end_ wavelength 

Floatina ooint The stop wavelength, in micrometers, of the 
bandpass. * 

delta_ wavelength 

Floatina ooint The delta_wavelength parameter specifies the step 
in wavelength, in micrometers, for an output 
spectrum. 
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[spectral] cont. 

Parameter Usaee Definition 

flux_mag_zero 
Floatina point An optional parameter that allows the in-band 

magnitude of objects to be quoted. 

band center 

Floatina point If not specified, the CBSD code will define the band 
center by a simple center of gravity calculation. This 
is not always in agreement with system developer's 
definitions. This parameter allows an override of the 
internal routines.  

band width 

Floatina point If not specified, the CBSD code will define the 
bandwidth by a simple center of gravity calculation. 
This is not always in agreement with system 
developer's definitions. This parameter allows an 
override of the internal routines. 
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[time] 

The [time] section specifies the date and time of the observation. 

Parameter Usage 

observation date 

Integer (Day), 

Integer (Month), 
Integer (Year). 

Floating Point 

observation time 

Integer (Hour), 

Integer (Minute), 
Floating Point 
(Seconds). 

time_stamp 

UT1 

UTC 

TDT 

Definition 

The observation_date is three numbers in the order 
integer day, numbered month, and 4-digit year. For 
example, 

3 15 1995 

A second option exists for observation_date which 
can read the Julian date. Enter the complete Julian 
date, for example, 

2445345.125 

In this case the observation_time is not read. 

The observation_time parameter is the integer 
hour, integer minute, and floating point second of the 
observation. For example, 
12 23 55.06 

Ignored if the observation_date is specified as a 
Julian date. 

The time of observation is defined as the Mean 
Solar Time. 

The time of observation is defined as the 
Coordinated Universal Time - clock time referenced 
to Greenwich. 

The time of observation is defined as the Terrestrial 
Dynamical Time - Used for calculations of 
ephemerides.   
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5  Command Line Usage 
The CBSD4 codes introduce a command line usage. All parameters in either the CBSKY4 or the 

CBZODY6 code may be specified on the command line. However, the command line is limited to 512 
bytes of total character length so not all arguments can be specified on the command line. 

The command line arguments are override arguments. Anything specified in the .inp file is 
overridden by command line usage. This makes the command line usage useful for batch processing. 
Specify the problem in the inp file and change location, spectral region, etc. on the command line. An 
example follows. 

cbzody6 start_wavelength="\cbsd4\cbsd\rsr\MSX_A.txt" bandwidth=3.362 band_center=8.276 
listfile="F:\MSX_DBF\CB01010000301\Ecliptic_Band_A.strip"log_output=CB01010000301_A 

Notice the double quotes (") around path names. These are used for path names or any item with 
embedded spaces, e.g, "Sun Centered Ecliptic". 

43 



6  Troubleshooting 

check: 
Most problems with the CBSD codes stem from improperly configured input files. Things to 

Is the architecture parameter set properly for your system? 

Are the paths properly specified? Use \ for DOSAVindows and / for UNIX. 

Do all paths exist? CBSD4 does not create any directories and all directories must exist 
prior to execution. 

Are the datafiies in the data directories specified in the input file? Check for zero length 
datafiles, an indication of path problems. 

Did the FITS library compile properly? Check the Makefile for the correct selection of 
fits modules. The FITS documentation has a test procedure to follow. For Linux 
systems, the -u parameter in the Makefile should not be specified. 

Path and file names are case sensitive. 

Files on CDs are stored as read only. You may need to remove the read-only attribute 
(under DOSAVindows) before making changes to files after they have been transferred to 
the test platform drive. 
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